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(54) Laminated ink Jet recording head 

(57) Nozzle openings (18-1, 18-2, 18-3 ) are 

formed so as to stagger, and pressure generating 

chambers (7-1 , 7-2, 7-3 ). communicating holes (10- 

1. 10-2, 10-3 ), and ink supply ports (12) are 

arranged at uniform positions relative to one another 
with respect to the pressure generating chambers (7-1, 
7-2, 7-3 ) so as to match a mode of arraying nozzle 

FIG. 2 



openings (18-1. 18-2, 18-3 ). As a result of this con- 
struction, a bonding area is increased tiy shifting the 
positions of the nozzle openings (18-1, 18-2, 18-3, .. ..), 
whose diameter is particularly small, in an axial direc- 
tion of the pressure generating chambers (7-1 , 7-2, 7-3, 
.. ..). 
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Descrt|»tion 

The present irwentiofi relates to a laminated InkJet 
recording head that is formed by laminating at least a 
first cover member, a spacer, and a second cover mem- s 
ber and that is fixed to a passage unH having nozzle 
openings and common ink chambers, the first cover 
member having piezoelectric vibrators fixed to a surfece 
thereof, the spacer forming pressure generating cham- 
bers therein, the second cover member having commu- 10 
nicating holes communicating with the common Ink 
chambers and a nozzle plate. 

Using Ink droplets to form dots on a recorcfing 
medium, ink jet recording heads can implement 
extremely high resolution printing by reducing the size is 
of each ink droplet. However, in order to print data efli- 
cientiy. the number of nozzle openings must be 
increased, and when piezoelectric vibrators are used as 
an ink droplet jetting source, ttie downsizing of the pie- 
zoelectric va)rators is an essential consideration. 20 

By tile way, an Inkjet recording h&axi using flexural 
yOaration as an actuator, tfie actuator unit, which 
includes a first cover member having piezoelectric 
vibrators fixed to a surface tiiereof, a pressure generat- 
ing chamber forming board forming pressure generating 25 
chambers, and a second cover meni^er, can be made 
of ceramics. As a result, no adhesive is required to bond 
these members to one another. On the other hand, a 
passage unit that supplies Ir^ to the actuator unit arxJ 
jets the ink pressured by the pressure generating cham- 30 
bars in tiie form of ink droplets must have a number of 
nozzle openings, each being formed with high accuracy 
to a diameter of about several tens of ^m. As a residt a 
thin plate made of metal is usually used and is bonded 
to tiie actuator unit through an adhesive. 35 

However, if the nozzle openings are pitched at a 
small Interval, e.g., at an Interval of about 210 pm, a 
bonding area becomes extremely narow. As a result, 
the nozzle openings are clogged due to the adhesive 
flowing into the nozzle openings and ink leakage 40 
occurs, which in turn has caused the problem of 
inpaired ink jetting performance. 

The present invention has been made in view of tiie 
aforementioned problem and it Is therefore an object of 
the present inventfon to provide a novel laminated Inkjet 45 
recording head that has an inaeased bonding area in 
the vicinity of nozzle openings ttiat are pitched at a high 
density. 

To solve this object the present invention provides a 
laminated Inkjet recording head as specified In claim 1 . so 

Prefen-ed embodiments of ttie invention are 
desaibed in the subcteims. 

However, it shouki be noted tiiat ttie claims are only 
a first non-limiting approach for defining the inventiCMi in 
general terms. 55 

To summarize up. to overcome the aforemenlfoned 
problem, tiie present inv^tion is applied to a laminated 
ink jet recording head conprising: (A) an actuator unit 
including: pressure generating chambers for pressuriz- 



ing an Ink; and piezoelectric vibrators airanged on ttie 
pressure generating chambers; tiie piezoelectric vibra- 
tors expanding and contracting ttie pressure generating 
chambers to jet the ink in the pressure generating 
chanrt)ers; and (B) a passage unit bonded to ttie actua- 
tor unit, including: ink supply ports for supplying ttie ink 
to ttie pressure generating chambers of the actuator 
unit; and nozzle openings for jetting out the ink; wherein 
the ink supply ports, pressure generating chambers and 
nozzle openings are communicated by communicating 
holes provided in ttie actuator and passage units, ttie 
nozzle openings are formed so as to stagger, and tiie 
pressure generating chamber, communk:ating hole, ami 
ink supply port are arranged at uniform positions rela- 
tive to one anotiier with respect to ttie pressure generat- 
ing chamber so as to match a mode of an^aytng of ttie 
nozzle openings. 

The bonding area is Increased by shifting the posi- 
tions of the nozzle openings and ttie Ink supply ports, 
whose cfiameter is particularly small, in tiie axial direc- 
tfon of ttie pressure generating chambers. In addition, 
distortions derived from ttie boring of these nozzle 
openings and ink supply ports are scattered. 

Furttier features and advantages of ttie Invention 
will now be described witti reference to the accompany- 
ing drawings, in which: 

Rg. 1 is a sectional view of an ink jet recording 
head, which is an embodiment of ttie invention, 
lowing a section close to pressure generating 
chambers in enlarged forni; 
Rg. 2 is a diagram showing a positional relationship 
among pressure generating chambers, nozzle 
openings, and communicating holes in ttie record- 
ing head shown in Fig. 1 ; 

Rg. 3 is a diagram showing distances between 
communicating holes formed in a second cover 
merrier of ttie recording head shown in Rg. 1 ; 
Rg. 4 is a cross sectional view showing pressure 
generating chambers and ttieir related portions in 
one actuator unit in another ir^ jet print head of ttie 
Inventfon; and 

Rg. 5 Is a cross sectional view showing pressure 
generating chanr4)ers and ttieir related portions in 
one actuator unit in still further Inkjet print head of 
the invention. 

Details of ttie present invention will now be 
described with reference to an entf3odim^t shown in 
the drawings. 

Rg. 1 is a sectional view showing a stuctijre of an 
inl^et recording head having pressure generating cham- 
bers. In Rg. 1 , reference numeral 2 denotes a first cover 
member ttiat is made of a zirconia ttiin plate wtose 
thickness is about 10 ^m. Drive electi'odes are formed 
on ttie surges of the first cover member so as to con- 
front pressure generating chambers 7. T. Piezoelectric 
vibrators 4, 4' made of PZT or ttie like are fixed onto ttie 
surfaces of the drive electrodes. 
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Reference numeral 6 denotes a spacer, which is 
farmed by boring through holes in a ceramic plate such 
as zirconia (Zr02), the cerantic plate having swh a sut- 
able thickness as to farm the pressure generating 
chambers 7, T therein, such thickness being, e.g., 150 
urn. The pressure generating chambers 7, T are formed 
in the spacer 6 with both surfaces of the spacer 6 sealed 
by a second cover member 8 to be described later and 
the first cover member 2. 

These pressure generating chambers 7, T contract 
and expand in response to flexural vibration from the 
piezoelectric vibrators 4, 4\ so that not only ink droplets 
are jetted out of nozzle openings 18, 18* but also ink in 
common ink chambers 16, 16' is sucked through ink 
supply ports 12, 12*. 

Reference numeral 8 denotes the second cover 
member, which is formed by boring nozzle communicat- 
ing holes 9, 9' and communicating holes 10,10* similarly 
in a ceramic plate made of zirconia or the tike so that the 
positions of these holes 9, 9' and 10, 10' can match the 
positions of the pressure generating chambers 7, 7 
respectively. The nozzle communicating holes 9. 9* con- 
nect the nozzle opening 18. 1 8' to the pr^ure generat- 
ing chambers 7, 7*. and the communicating holes 10. 
10' connect the pressure generating chambers 7, T to 
the ink supply ports 12, 12'. 

These members 2, 6. 8 are assembled into the 
actuator unit without using an adhesive. That is, these 
members 2, 6, 8 are formed by mowing a clay-like 
ceramic material into predetennined shapes and lami- 
nating and sintering such shapes. 

Reference numeral 11 denotes an ink supply port 
forming board, which serves also as an actuator unit fix- 
ing board The ink supply port forming board 11 is 
formed by boring the ink supply ports 1 2, 1 2* and nozzle 
communicating holes 13. 13'. The ink supply ports 12, 
12' determine passage resistance between the pres- 
sure generating chambers 7. 7* and the common ink 
chambers 16. 16'. The nozzle communicating holes 13. 
13' connect the pressure generating chambers 7. T to 
the nozzle openings 18, 18'. 

Reference numeral 15 denotes a conwion ink 
chamber forming board, which is formed by boring 
through holes that correspond to the shape of the com- 
mon ink chambers 16. 16' and communicating holes 17. 
1 7' that connect tine nozzle openings 1 8, 1 8' to the pres- 
sure generating chambers 7. 7*. These through holes 
and communicating holes are formed in a con-osion- 
resistant plate such as a stainless steel plate having 
such a siRtable thickness as to fonn the common ink 
chambers 16, 16". such ttirckness being, e.g., 150 pm. 

Reference numeral 19 denotes a nozzle plate, 
which is formed by forming the nozzle openings 18. 18' 
in the fomi of arrays at positions communicable with not 
only nozzle communicating holes 9, 9* of the actuator 
unit, the communicating holes 13, 13* of the ink supply 
port fonning board 1 1 . and the communicating holes 17, 
17' of the common ink chamber fornrang board 15.* 
These Ink swiy port forming board 11. common ink 



chamber forming board 15, and nozzle plate 19 are 
assembled Into a passage unit 20 witii adhesive layers 
interposed therebetween, each adhesive layer being 
formed of a thermal deposition film, an adhesive, or tfie 
like. 

The thus constructed actuator unit and passage 
unit are fixed to each other through an adhesive layer, 
whereby the ink jet recording head is formed. 

By the way. the present invention is characterized 
as positioning tiie pressure generating chambers 7, 7. 
the Ink supply ports 12, 12\ the communicating holes 
10, 10', and the like in such a relationship as shown in 
Fig. 2. That is, a nozzle opening In one array is stag- 
gered by a plurality of dots with respect to a nozzle 
'5 opening in the same array in tiie horizontal direction as 
viewed in Fig. 2. More specifically, nozzle openings 18- 
1, 18-2, 18-3 • • • • in one array are staggered witii 
one anottier by a plurality of dots in the horizontal direc- 
tion as viewed in Fig. 2, and the same applies to nozzle 
20 openings 18'-1, 18'-2. 18'-3 • • In tiie other array 
Further, a nozzle opening in one an^y is staggered by 
half a pitch with respect to a conresponding nozzle 
opening in the other array. More specifically, the two 
arays of nozzle openings 18-1, 18-2, 18-3 • • • 18'- 
25 1. 18'-2. 18'-3 • • • • are staggered not only horizon- 
tally in intra-array terms but also vertically in inter-array 
terms. 

Pressure generating chambers are similarly poa- 
tioned to stagger so ttiat the pressure generating cham- 
30 bens confront the corresponding nozzle openings under 
a predetermined positional relationship. More specifi- 
cally, the pressure generating chambers 7-1, 7-2, 7-3 
• • • • corresponding to tiie nozzle openings 18-1, 1 8- 
2, 18-3 • • • • in one anray are staggered witfi one 
55 another substantially by a plurality of dots in the hori- 
zontal direction as viewed in Rg. 2 so tiiat ttie ends of 
the pressure generating chambers facing ttie center of 
ttie recording head oonfiront the coresponding nozzle 
openings 18-1, 18-2. 18-3 • • • • in one array so as to 
<o keep a predetennined positional relationship, and tiie 
same applies to the pressure generating chancers 7'-1 , 
7'-2. 7-3 • • • • corresponding to the nozzle openings 
18'-1, 18'-2, 18'-3 • • • • in tfie oth^ an^ay Further, a 
pressure generating chamber corresponding to one 
45 nozzle opening array is staggered by half a pitch witti 
respect to a corresponding pressure generating cham- 
ber conesponding to the other nozzle opening array. 

Likewise, tiie communicating holes 9, ff, 13, 13', 
17, 17 connecting ttie nozzle openings 18-1. 18-2, 18-3 
so • • • 18*-1, 18-2, 18'-3 • • • • to the pressure gen- 
erating chambers 7-1, 7-2, 7-3 • • • 7'-1. 7'-2, 7-3 
• • • • are positioned to stagger witfi one anottier so 
ttiat ttie nozzle openings 18-1, 18-2. 18-3 • • • 18'-1, 
18'-2, 18 -3 • • • • can be connected to the pressure 
55 generating chambers 7-1, 7-2, 7-3 • • • • , 7-1, 7-2, 7- 
3 • • • • ttirough linear passages, respectively. Fur- 
tfier, ttie communicating holes 10, 10' connecting ttie 
ink supply ports 12, 12* to the pressure generating 
chambers 7, 7 are arranged at such uniform positions 
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relative to one another that ink from the ink supply ports 
12, 12* can flow into predetermined positions of the 
pressure oenerating chanOjers 7, 7. 

As shown in Fig. 3, if it is assumed that the dis- 
tance, in anrangement direction of the communicating 
holes 10. between the adjacent communicating holes 
10 connecting each of the pressure produdr^ cambers 
7-1. 7-2, 7-3 • • • • in each anray to the corresponding 
ink supply port 1 2 supplying the ink to the pressure gen- 
erating chamber is L, the communicating holes 10 are 
positioned so that the shortest distance between adja- 
cent communicating holes 10 and the shortest distance 
between adjacent nozzle communicating holes 9 con- 
necting ttie nozzle openings 1 8 to the pressure generat- 
ing chambers 7 are equal to and great©* tiian 2L 

Furttier. if the shortest distance between adjacent 
nozzle communicating holes 9 connecting the nozzle 
openings 1 8 and the pressure generating chambers 7 is 
assumed to be 4U tiien a bonding area dose to each 
nozzle opening at which the fkw of inK in particular, 
greatiy affects printing quality can be increased. There- 
tore, not only the flow of an adhesive into the nozzle 
openings 18, 18' can be prevented at the time of bond- 
ing, but also distortions dose to tiie nozzle openings 18. 
1 8' and the ink supply ports 12,12' for which the opera- 
tion of boring tiny tiirough holes is required to be per- 
formed can be scattered. 

In the afore-mentioned actuator unit, the pressure 
generating portion (means) comprises ttie first chamber 
member 2, tiie piezoelectric vibrators 4 and lower and 
upper electrodes (not shown) shown in Rg. 1. Alterna- 
tively, the pressure generating portion which comprises 
piezoelectric vtorating plates 100. lower electrodes 101 
and upper electrodes so as to seal a surface of the 
space may be applied as shown In Fig. 4. Furthermore, 
the pressure generating portion comprising cover plates 
106. electrically conductive layer 103, heating cover 
plates 106, electrically conductive layer 103, heating 
elements 104 and protective layer 105 may be used as 
shown in Fig. 5. Otiier constitutions which makes the 
pressure in the pressure generating chamber changer 
may be used for the present invention. 

As desaibed in the foregoing, the present invention 
is characterized as not only forming nozzle openings so 
as to stagger but also arrangir^ pressure generating 
chambers, communicating holes, and ink supply ports 
at uniform positions reteitive to one another so as to 
n^tch a mode of arraying of the nozzle openings. 
Therefore, ttie bonding area can be increased by shift- 
ing the positions of the rK>zzle openings and ink supply 
ports, whose diameter is particulariy small, in ttie axial 
diredton of tfie pressure generating ctembetB. As a 
resurt, not only sufficient bonding strengtti can be 
ensured, but also the flow of an adhesive into tiiese noz- 
zle openings and ink supply ports can be prevented. In 
addition, distortions derived from the boring of the noz- 
zle openings arui the ink supply ports can be scatt^-ed 
to tfiereby ensure high positioning accuracy 

In tiie laminated ink jet recording head of the inven- 
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tion. nozzle openings 18-1. 18-2. 18-3 are formed 

so as to stagger, and pressure generating chambers 7- 

1, 7-2, 7-3 communicating holes 10-1, 10-2, 10-3, 

and Ink supply ports 12 are arranged at uniform 

positions relative to one anottier witti respect to the 

pressure generating chambers 7-1. 7-2, 7-3 so as 

to match a mode of arraying nozzle openings 18-1. 18- 

2. 18-3 As a result of this construction, a bonding 

area is increased by shifting the positions of the nozzle 
openings 18-1, 18-2. 18-3 whose diameter Is par- 
ticularly small, in an axial direction of tiie pressure gen- 
erating chambers 7-1, 7-2, 7-3 

Claims 

1 . A laminated ink jet recording head comprising: 

(A) an actuator unit induding: 

pressure generating chambers {7-1. 7-2, 
7-3 ) for pressurizing an ink; and 

pressure generating means (4, 4') 
an^anged on said pressure generating 
chanft)ers (7-1, 7-2, 7^ ); said pres- 
sure generating means (4. 4*) pressurizing 
said pressure generating chambers (7-1. 
7-2, 7-3, .. ..) to jet the ink in said pressure 

generating channbers (7-1. 7-2, 7-3 ); 

and 

(B) a passage unit bonded to said actuator unit. 
indiK^ing: 

ink supply ports (12) for supplying ttie ink 
to said pressure generating chambers (7- 
1 , 7-2. 7-3 ) of said actuator unit; and 

nozzle openings (18-1. 18-2, 18-3 ) for 

jetting out ttie ink; 

wherein said ink supply ports (12), pressure 

generating chambers (7-1. 7-2, 7-3 ) and 

nozzle openings (18-1. 18-2, 18-3 ) are 

communicated by comnwnicating holes (10-1, 

10-2, 10-3 ) provWed in said actuator and 

passage units, said nozzle openings (18-1. 18- 

2, 18-3 ) are formed so as to stagger, and 

said pressure generating chamber (7-1, 7-2, 7- 

3 ). communicating hde (10-1, 10-2, 10-3, 

..). and ink supply port (12) are arranged at 
uniform positions relative to one anottier so as 
to match a mode of arraying of said nozzle 
openings (18-1,18-2, 18-3 ). 

!. The ink jet recording head according to claims 1. 
wherein sak! actuator unit conprises: 

a pressure generating chamber forming board 
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(6) forming said pressure generating diambers 
(7. 70: 

a first cover member (2) for sealing one surface 
of said pressure generating chamber forming 
board (6), piezoelectric vibrators (4. 4*) being 
arranged thereon; and 



The ink jet recording head according to claim 3. 
wherein the shortest distance between said first 
communicating holes (9, 9*) and the shortest dis- 
tance between said second convnunicating holes 
(10. 10*) formed In said second cover ment>er (8) 
for connecting said pressure generating chamber 
(7, 7*) to said nozzle opening are equal to 4L 



a second cover ment)er (8) for sealing the 
other surface of said pressure generating io 
chamber forming board (6), and having first 
communicating holes (9, 9*] connecting said 
ink supply ports (12. 12*) to said pressure gen- 
erating chambers (7, 7*) and second communi- 
cating holes (1 0. 1 0*) connecting said pressure i$ 
generating chamb©^ (7. 7) to saki nozzle 
openings (18-1. 18-2. 18-3 ) of said pas- 
sage unit; and 

saki passage unit comprises: 

20 

an ink supply port forming board (1 1] fornv 
ing said ink supply ports (12. 12% and hav- 
ing third communicating holes (13, 13*) 
communicating with said pressure gener- 
ating chambers (7. 7*); 2s 



a common ink chamber forming board (15) 
having common ink chaniiers (16. 16*) 
communicating with said pressure gener- 
ating chambers (7, 7") through sakJ Ink 30 
supply ports (12, 12*) and fourth communi- 
cating holes (17, 170 communteating with 
sakI pressure generating chambers (7, T); 
and a nozzle plate (19) for sealing one sur- 
face of said common ink chamber forming 3S 
board (15). and having said nozzle open- 
ings (18. 18*) connected to said pressure 
generating chambers (7. 70 through saki 
second, third and fourth communicating 
holes(10, 10';13.13';17, 170. 40 



3. The ink jet recording head according to claim 2. 
wherein, if it is assumed that a distance between 
sakj first communicating holes (9. 90 formed in sakf 
second cover member (8) for connecting sakJ ink 4s 
supply port (12, 120 to said pressure generating 
chamber (7, 70 in a nozzle evening an'aying direc- 
tion is L, then said first communicating holes (9, 90 
are positioned so that the shortest distance 
between said first communicating holes (9, 90 and so 
the shortest distance between sakj second convnu- 
nicating holes (10. 1O0 formed in said second cover 
member (8) for connecting said pressure generat- 
ing chancer (7, 70 to sakI nozzle opening are equal 
to and neater tiian 2L 55 



4. The ink jet recording head according to any one of 
claims 1 to 3, wherein said actuator unit and pas- 
sage unit are bonded by an adhesive. 
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